To elucidate the reproductive cycle of any animal, it is first necessary to understand the development of the germ cells and how this process occurs throughout the reproductive tract. Thus, the aim of the present study was to understand the oogenesis and spermatogenesis, as well as the ovarian and testis maturation and type of spawning, of Haemulon plumieri. A total of 119 females and 136 males were analysed. Based on micro and macroscopic characteristics of gonads, the following stages of maturation for females were determined: immature, maturing, ripe, partially spawning, spawning and resting. For males, only the stages immature, maturing, ripe and spent were observed. We can conclude that the ovarian development occurs cyclically, in which the female can spawn more than two times during the reproductive season with the spawning "synchronous in more than two groups". Since males do not present the "rest" stage after copulation, the maturation process is continuous.
Introduction
The Haemulon plumieri (Lacépede, 1801), popularly known as white grunt, is a typical reef-associated and tropical species found in warm and temperate waters of the Western Atlantic, from Bermudas and Maryland, USA, to Santa Catarina, in southern of Brazil (GarciaJúnior et al., 2010) .
To elucidate the reproductive cycle of any animal, it is first necessary to understand the development of the germ cells and how this process occurs throughout the reproductive tract. The importance of studies that combine microscopic to macroscopic characteristics is justified by the need to ensure a correct classification of stages of development, not mixing juveniles with adults in "rest" stage, an error commonly observed in studies merely based on macroscopic analysis.
Only two studies concerning gonad development of H. plumieri was observed. Alves and Aragão (1973) described the maturation of the species in northeastern Brazil and Palazón-Fernandes (2007) studied its reproductive biology in Venezuela. However, Alves and Aragão (1973) had used obsolete techniques due to the time at which they had conducted their research. Thus, there are many gaps to be filled and further studies to be made since there is a lack of information regarding the process of gonad maturation and type of spawning.
The aim of the present study was to understand the oogenesis and spermatogenesis, as well as the ovarian and testis maturation and type of spawning, of H. plumieri, through macroscopic and microscopic descriptions of the reproductive system.
Material and Methods
Specimens of H. plumieri were monthly collected between January 2006 and August 2007, off the state of Ceará, at distances from the shore ranging from 5 to 45 miles (03° 00' S to 03° 45' S 038° 05' W to 039° 00' W) using line and baited hook. 255 specimens of H. plumieri were analysed; 119 were females and 136 males.
Animals were initially immobilised by thermal shock at -5 °C and measured to obtain the fork length (L F ) and total weight (W T ). They were dissected for the collection of the reproductive tract. The gonads were measured in length (L G ) and width (S G , on the middle region), with precision of 0.01 cm and weight (W G ) with precision of 0.01 g.
The reproductive tract of each specimen was observed and photographed. Then, sections from the anterior, middle and posterior regions of the gonads from 10 specimens (5 males and 5 females) were selected to investigate possible differences in maturation between portions of the gonad. For all other specimens (n = 245) the middle section of the gonad was collected. These fragments were placed in a 4% formaldehyde solution for 24 hours and then stored in a 70% ethanol solution. They were dehydrated in an ethanol series of increasing concentration, followed by diaphanisation in xylene and impregnation and embedding in paraffin at 60 °C. The blocks of paraffin wax were then cut into 5 µm sections and stained with Hematoxylin-Eosin for detection of acid and basic substances; Alcian Blue/ Periodic Acid Schiff, for the detection of glycoproteins, mucopolysaccharide acids and glycogen; and Gomori's Trichrome for the differentiation of tissues (adapted from Junqueira and Junqueira, 1983; Tolosa et al., 2003) . Three microscope slides were made for each paraffin block. The identification of sex was made after microscopic examination of the gonads, based on the germ cells observed.
In order to characterise and classify cell development stage, cells were measured in maximum diameter and nuclei, with only those that showed the nuclei in the section observed being used for that purpose. Besides the relation nucleus/cytoplasm, it was also observed the reaction to the dyes, the nature of the cytoplasm contents (for females), and the presence of acrosome (for males).
Descriptive statistics was used for the calculation of the mean and standard derivation for the diameters of cell (D C ) and nucleus (D N ) (n = 30, for each stage of development), as well as for length, width and weight of gonads (n = 255) at each maturation stage.
The gonad measurements (length, width and weight) were tested for normality (Shapiro-Wilk test) and homoscedasticity (Bartlett test). Since the data were not normally distributed and were not homoscedastic (p < 0.02 for all analyses), the Kruskal-Wallis test (Mendes, 1999 ) was used; the median values were ranked and the maximum difference between treatments were analyzed, based on the standard error (Zar, 1984) , to determine the statistical significance of differences among means.
In order to define the type of spawning, the diameters of all oocytes present in cross sections of the ovary in different maturity stages were measured. The type of spawning was defined, according to Marza (1938) , as synchronous in one group, synchronous in two groups, synchronous in more than two groups, or asynchronous.
Results

Reproductive system description
The reproductive system consisted in a pair of gonads that have a commissure in the terminal portion near the urogenital orifice. They varied in size and colour, according to the degree of development of the germ cells, and the structures forming the gonads. In some specimens, it was not possible to differentiate between sexes macroscopically due to the reduced gonadal size.
The ovaries presented a fusiform shape, with colour ranging from translucent, with barely noticeable vascularisation in the least developed stage, to orange with a large vasculature, easily noticeable, in the most developed stage. Ovary length varied between 2.05 and 7.10 cm, width from 0.22 to 1.95 cm and weight between 0.10 and 12.79 g, occupying from 0.51% to 44.72% of the abdominal cavity, depending on the degree of development.
Testicles, when undeveloped, were thin and translucent. When more developed, they had a lateral flattening and a smooth texture, acquiring a whitish colour. Testes length varied between 0.90 and 7.70 cm, width of 0.15 to 1.60 cm, and weight between 0.01 and 2.25 g, occupying from 0.20% to 15.40% of the abdominal cavity.
Female germ cells were classified as oogonia, previtellogenic oocytes (early and final stages), cytoplasmic vesicle oocytes (early, middle and final stages), vitellogenic oocytes, mature oocytes, hydrated oocytes, and atretic oocytes, as follows:
Oogonia ( Figure 1h) : there is an increase in protein synthesis, resulting in increased number and size of the granules that fill the whole cytoplasm. In this phase the follicular epithelium is very thick. Diameters of cell and nucleus are, respectively, 435.30 ± 11.84 µm and 105.74 ± 7.79 µm.
Hydrated oocytes (Ho) (Figure 1i ): moments before being extruded, oocytes are hydrated, increasing in volume, with an average diameter of 604.91 ± 101.29 µm. It is not possible to measure the diameter of nucleus due to its indefinite contours.
Atretic oocytes (Ao) (Figure 1j ): mature oocytes that were not released become atretic and are probably absorbed by the gonads. They do not have a definite shape and appear strongly acidophilic and proteic.
Male cells were classified as spermatogonia, spermatocytes, spermatids and spermatozoa, as follows:
Spermatogonia ( Figures 2a, b) : with a smaller diameter than spermatocytes (2.03 ± 0.31 mm), the spermatids show a faintly acidophilic reaction and enhance the proteic nature, being found generally in the testicular acini, along with cells in other degrees of development.
Spermatozoa (Sz) (Figure 2b ): they are the smallest germ cells, presenting the acrosome. They have 1.52 ± 0.20 µm in diameter and fill the testicular acini, being also occasionally present in the central lumen of the testis.
There were no differences in maturation between the anterior, middle and posterior regions of the gonads. Based on macroscopic characteristics of the gonads, such as length, width, weight (Table 1) , colour, vascularity, texture, and size, as well as on the microscopic characteristics, such as histological organization and cellular composition, the following stages of sexual maturation were determined:
Immature female: Gonads have a reduced diameter and a translucent colour. The macroscopic sex identification is not possible. The coating is thin and ovigerous lamellae organized. Only Oo and Po are observed, with the eventual occurrence of Cv (Figure 3a) . Ovaries with Cv absent were not observed, even in smaller individuals with rudimentary gonads. Although the presence of Cv indicates the beginning of maturation, due to organisation of lamellae and absence of indication of previous spawning, these specimens were considered immature.
Maturing Females/ Initial Stage: gonads are yellow in colour and show a slight increase in volume. At this stage, the length is presented statistically higher than in the immature stage. Pre vitellogenic oocytes are abundant, together with fewer cytoplasmic vesicle oocytes.
Maturing Females/ Final Stage: gonad colour varies between yellow and orange. In some specimens, the vascularization in gonad coating is evident. Several cytoplasmic vesicle oocytes and vitellogenic oocytes appear (Figure 3b) .
Ripe Females: Gonads show a large increase in width and weight, higher than other stages (p < 0.05). The gonad is orange in colour and a highly vascularized coating. Mature oocytes are predominant, although oogonia, previtellogenic oocytes, cytoplasmic vesicle oocytes and vitellogenic oocytes are also present (Figure 3c ). At an advanced stage, hydrated oocytes are also found (Figure 3d) .
Partially-spawning females: This stage is macroscopically equal to spawning stage, orange in colour and a flaccid texture. The ovaries had partially spawned with the batch of Ho having already been released. In these cases, the ovary's characteristics were similar to the maturing or mature stages, except for the presence of residual cytoplasmic vesicles and some post ovulatory follicles (Figure 3e ).
Spawning Females: ovaries orange in colour and a flaccid texture. Po and few Mo are observed, some with evidence of atresia. Several empty spaces, post ovulatory follicles and residual cytoplasmic vesicles remain in places where there used to be mature oocytes. The weight is again statistically equal to those of the immature and maturation stages, differing from the mature stage.
Resting females: Although macroscopically similar to the immature stage, the colour can vary from translucent to yellow. Microscopically, the gonadal lining appears thicker than in immature gonads. Oo, Po and follicle cells are observed in large numbers and in different regions. Unlike immature ovaries, ovigerous lamellae are not easily identified (Figure 3f ).
Immature males: macroscopically similar to females; gonads have a reduced diameter and a translucent colour and the macroscopic sex identification is not possible. The testis presents a thin coating and underdeveloped acini. It is not possible to view the lumen, with only Sg and Sc, although not numerous, being present at the periphery of the testis (Figure 2d ).
Maturing Males: gonads exhibit a whitish colour and a lateral flattening, although its size and volume are still reduced. Spermatocytes, which occupy the peripheral acini with Sp (germinative zone) (Figure 2e ), begin to proliferate. In the more central acini (maturation zone), a few sperms are already found. The lumen (Figure 2c ) is filled with a non-cellular matrix and contains no sperm.
Ripe Males: testes are laterally flattened and rather bulky, being heavier than in other stages (p < 0.05). Acini of the peripheral region are filled with Sg, Sc and Sp. More central acini and the lumen are densely filled with Sz ( Figure 2f ). Spent Males: testes are white, with a flaccid texture. Testicular lobes are fairly developed. Acini of the germinal zone are still filled by Sp and Sc, whereas the maturation zone and lumen are empty or with few sperms, only residual (Figure 2g) .
Gonads of immature females and those of resting ones showed no significant difference for any of the measures, as well as in the macroscopic characteristics already described (Table 1) so that the differentiation between them is only possible with microscopic analysis.
In females, gonad growth in size and weight was observed from the immature to mature stage with them decreasing after spawning. For males, however, this tendency was not observed; it was observed an increase in testicle size from the immature to the spent stage (Table 1) , while its weight increases until it reaches maturity, and decreases after emptying. 
Spawning type
Diameter classes displacement of oocytes during the maturation process (Figure 4) , coupled with histological analysis, indicates that the species in northeastern region of Brazil presents a parceled spawning, of a synchronously type in more than two groups by presenting more than two batches of oocytes that increase synchronously in diameter up to spawning stage.
Discussion
The arrangement of the gonads in the abdominal cavity of individuals of H. plumieri was similar to that of several species of fish, including hermaphroditic species, e.g. Alphestes afer (Marques and Ferreira, 2011) or freshwater, e.g. Acestrorhynchus pantaneiro (Rodrigues et al., 2005) . Due to the similarity between species of different families and orders, this feature seems to be intrinsic to the class Actinopterygii.
The distinction of sex based on the macroscopic characteristics of the gonads developed is evident, as also reported by Palazón-Fernandes (2007) . However, for individuals with rudimentary gonads, this classification is not possible due to their similarity. This feature confirms the need to always examine the gonads microscopically to avoid errors. Alves and Aragão (1973) and Palazón-Fernandez (2007) Alves and Aragão (1973) which are close to those of initial pre-vitellogenic oocyte (Po1). In this case, it is possible that such difference arises from different cell classifications and nomenclature used.
In most species of fish in which histological analyses were carried out, it was observed that in the ovaries of immature individuals there are only pre-vitellogenic cells (Shinozaki-Mendes et al., 2007 Alves and Aragão (1973) in their analysis, grouped immature and resting individual. Thus, we considered the hypothesis of the species directing energy for vitellogenesis early on. Another possibility is that the individuals classified as "immature" are actually in the initial maturation stage. In this case, the value of first maturation must be revised, although individuals classified as "immature" not have the characteristics of previous spawning. Alves and Aragão (1973) report that H. plumieri males had total emptying due to the complete deflation of testis, corroborating with the current work, where developed testes were observed only with waste of sperm. Palazón-Fernandez (2007) concluded that this species had multiple spawning suggesting an asynchronous spawning, based only on oocytes variation into mature ovaries. If spawning was of an asynchronous type, spawned or at rest stages would be nonexistent, since mature oocytes are constantly being produced after the first maturity (Vazzoler, 1996) . Silva and Murphy (2001) report that H. plumieri spawns once a year in Florida, with the peak in May. Whereas hydrated oocytes were observed in conjunction with the presence of mature oocytes, authors postulated that the species has a parceled spawning. In addition, Coward and Bromage (1998) cite that the presence of pre-vitellogenic oocytes in all maturational stages indicates that specimens are always available to restart the reproductive cycle.
For species with parceled spawning, we observed the same microscopic stages of development. A noticeable change is only related to nomenclature. Shinozaki-Mendes et al. (Cortés and Aron, 2011) since individuals reproduce most of the year, unlike species in temperate waters, where there is a notorious seasonal variation (Vazzoler, 1996) and it is common to have a single spawning season and the reproductive period is well marked, e.g. Trachinotus marginatus (Lemos et al., 2011) .
Thus, we can conclude that the ovarian development of H. plumieri occurs cyclically, in which the female can spawn more than two times during the season, with the spawning being "synchronous in more than two groups". Since males do not present the "rest" stage after copulation, the maturation process is continuous. 
